
Pergamon 

TETRAHEDRON 
LETTERS 

Tetrahedron Letters 39 (1998) 2367-2370 

Palladium-Catalyzed Synthesis of Triarylamines from 
Aryl Halides and Diarylamines 

Toshihide Yamrmoto, Masrkazu Nishiyama, Yasuyuki Koie 

Yokkaichi Research Laboratory. Tosob Corporation. K~SIIIIII. Yokkaicbl. Mic 5 IO. lapall 
e-mail:~~~na_lirilosol~.co,ip 

Received 11 December 1997; revised 16 January 1998; accepted 19 January 1998 

Abstract : Various triarylatnines GUI be readily prcparcd m cscellc~~t yields by palladiow 
catalyzed cross-coupling reaction of aq4 halides and diat$mines. The atnination K;ICIIOII rakes 
place rapidly by using llie calal~st combindlion of Pd(OAc)? atId a bulky and clcclrowricll hgand. 

P(~-BLI)v Q 1998 Elsevier Science Ltd. All rights reserved. 

Recently, extensive research has been directed to the development of new triarylamines as hole-transpor-t 

materials for organic electroluminescent (EL) display devices.’ The commons reactions that generate 

triarylamines are Ullmann couplings of aryl iodides and diarylamines with a stoichiometric amount of 

copper.’ Unfortunately, Ullmann reactions involve high temperatures and generally give low or moderate 

yields. Waste water containing a large amount of a copper compound produced in the reactions also 

restricts application of the reactions on an industrial scale Recently. Buchwald and Hartwig 

independently reported the catalytic amination reactions of aryl bromides or aryl iodides with palladium 

complexes with phosphine ligands, such as P(o-tolyl)3, BINAP, and DPPF.; However. until now there has 

been no report on catalytic amination reactions between aryl halides and diarylamines with palladium 

catalysts to prepare triarylamines.’ Our efforts have been directed toward the development of facile and 

general synthetic methods of triarylamines with palladium catalysts. Here we report our results 011 a 

selective and reactive catalyst combination of palladium and P(/-Bu):. for the synthesis of various 

triarylamines. 
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Effects of phosphine ligands on the reactivity were examined in the palladium-catalyzed amination 

reaction of bromobenzene (1 equiv.) with N-(3methylphenyl)aniIine (I equiv.) in the presence of NaO’Bu 

(1.2 equiv.) and Pd(OAc)z (O.O25mol%) and phosphine (0. IOmolY) 0 in o-xylene solvent at 120°C for 3 h 

The catalyst combinations of Pd(OAc)z and aryl phosphines. such as P(o-tolyl);, BLNAP, and PPh;, gave 
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low yields of N-(3-methylphenyl)diphenylamine (entries 3, 4, and 5 in Table 1) 

Table 1 Influence of phosphine ligands on the 

synthesis of N-(3-methylphenyl)diphenylamil~e 

Entry Phosph i ne Yield of 3’ Corn Ang I e” 

(mo I %) (deg. 1 
1 P(t-Eu), >99 182 

2 PCY, 46 170 

3 PPh, 19 145 

4 BINAP 18 --- 

5 P(o-tolyl), 5 194 

6 P(/rBu), 0 132 

Conditions: Solvent; o-sylene, Aryl halide cow. 0.7moVl 

Bromobenzene I N-(3-meth~lpheoyl)aniline / NaO’Bu = 1:l:i.Z 

Pd(OAc)2 O.O2Smol%, Phosphine/Pd=J:l 

Temperature 12Oc (3h) 

a Determined by GC with standard. 

b Tolman’s steric parameter.5 

’ Cg = cyclohesgl 

A catalyst with a sterically small 

phosphine, P(lr-Bu).z, did not provide any 

products (entry 6) On the other hand, a 

catalyst combination with a bulky alkyl 

phosphine, PCy;. showed moderate 

reactivity (entry 2). 

It is particularly noteworthy that the 

reaction with a Pd and sterically more 

bulky P(/-Bu); l&and was completed in 311 

without producing any other products 

except the desired triarylamine (entry I) 

The reaction rate in the amination reaction 

was reported to be determined at the 

reductive elimination step of arylamine 

from a palladium amide complex in the catalytic cycle.” The effects of phosphine ligands on the reactivity 

of the catalyst are assumed to influence the reductive elimination step. Since P(/-Bu); is known for its 

electron-donating property, electron-rich and bulky ligands may accelerate elimination. 

We investigated the reactivities of aryl halides in the reactions with N-(3-methylphenyl)aniline in the 

presence of the combination of Pd(OAc)2 and P(/-Bu);. Complete conversion of N-(3- 

methylphenyl)aniline in the reactions with bromobenzene and iodobenzene was obtained in 311 at lOO”C, 

whereas the reaction with an equimolecular amount of chlorobenzene was consider-ably slower even at 

higher reaction temperature 1300c (entry 7 in Table 2). The low r-eactivity of alyl chlorides in the 

palladium-catalyzed carbon-carbon bond formation reactions known as the “Heck reaction” is commonly 

observed.’ However, when a large excess amount of chlorobenzene against N-(3-methylphenyl)aniIine 

was used, the amination reaction completed in 3h at 130°C (entry S) This result shows that, in the 

amination reaction, concentration of aryl halide greatly influences the reaction rate. 

Table 2 Reactivity of Aryl halides in the synthesis of We also examined the 

N-(3-methylphenyl)diphenylamine amination reactions of 

Entry Aryl halide Condition Temp. Time Yield of 3” 

cc) (hr) (mo I %I 
7 Chlorobenzene A 130 5 58 

8 Chlorobenzene B 130 3 >99 

9 Bromobenzene A 100 3 >99 

10 lodobenzene A 100 3 98 

Condition A: Aryl halide/ N-(3-metylphenyl)anilinc/ NaO’Bu=1:1:1.2, 

Solvent; o-mylene, Aryl halide cont. lL7mol/l, Pd(OAc)* 0.025mol%, P(f-Bu),/Ptl=.l: 1 

Condition B: ArJ-I halide/ N-(3-metyll)henyl)anilinc/ NaO’Bu=2:1: 1.2 

Solvent; o-xglene, Arpl halide cow. 8.0mol/l, Pd(OAc)* O.O2Smol%, P(f-Bu),/Ptl=J: 1 

* Determined by GC with standard. 

polybrominated aromatic 

compounds with the 

combination catalyst of 

Pd(OAc)l and P(/-Bu):, 

since many triarylamines 

developed for hole- 

transport materials have 

more than two triarylamine 

moieties. 

I ,4-Dibromobenzene and 
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1,3,5-Tribromobenzene gave the corresponding desired products in high isolated yields (entries I I and 12 

in Table 3). We confirmed the reactions were completed and did not detect any side products by gas 

chromatography. The decrease of the yields is thought to be attributed to loss in the isolating process, 

including recrystallization. On the other hand, 1,2-dibromobenzene did not give any products and was 

recovered after the reaction (entry 13). 

Amination reactions of 4,4’-dibromobiphenyl and tris(4-bromophenyI)amine gave the targeted diamines 

and tetraamine, respectively, in excellent isolated yields over 90% (entries 14. 15, and 16) 

Table 3 Synthesis of various triarylrmines from wyl polyhalides and diaryhnines 
1 

Intry Aryl polybromide Diarylamine Product Isolated Yield”’ 

(mo I %) 

12 

Br 

W 

13 

CH, 

15 

I I 
Conditions: Solvent; o-x~lenc, Aryl halide cont. 0.7moL 

ON’-’ c& i _ \ i N' H3cbND p / \ 
t> ’ \H3C_ 

HC 

80 

77 

No Reaction 

91 

92 

92 

r atom), P(t-Bu),lPrl=4: I 

Br atom/ Diarylnmind N~~O’Bu=I:l:l.Z, Tempcraturc 120°C (311) 

” Products mere isolated by recrystallization with MeOHITHF. 
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In summery, we have demonstrated that a P(/-Bu)J-palladium complex catalyzed amination reaction of 

aryl halides is a convenient synthetic method for triarylamines which can be utilized as hole-transport 

materials for organic electroluminescent displays. 
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